6 Global ionosphere maps (GIM) are generated on a daily basis at CODE using data from about 400 7 GPS/GLONASS sites of the IGS and other institutions. The vertical total electron content (VTEC) is 8 modeled in a solar-geomagnetic reference frame using a Spherical Harmonics Expansion "SHE" up 
Introduction

28
Global ionosphere maps (GIM) are generated on a daily basis at CODE using data from about 400 29 GPS/GLONASS sites of the IGS and other institutions, see figure (1) . The vertical total electron 30 Ann. Geophys. Discuss., https://doi.org/10.5194/angeo-2018-92 Manuscript under review for journal Ann. Geophys. rate: more than 250,000 STEC observations/hour worldwide, but there is lack of stations in some 53 areas (e.g., over the oceans).
54
According to Hernández-Pajares et al. (2009) , the highest accuracy is offered by the UQRG model 55 provided by UPC, and is produced by combining a tomographic modelling of the ionosphere with 56 kriging interpolation using the TOMION software developed at UPC. UQRG offers 2.5 by 5.0 57 degrees spatial resolution, and high temporal resolution of 15 min (Orùs et al., 2005) . It should also 58 be noted that vertical TEC values estimated by using smoothed pseudoranges have lower accuracy 59 than values offered by methods based on the precise carrier phase observations.
60
The majority of various global and regional ionosphere models currently available are characterized 61 by low temporal and spatial resolutions. Most of them are based on carrier phase-smoothed 62 pseudorange data, which presents low accuracy and requires strong smoothing filters. As a result, the 
GPS Observation equations
96
The observation equations for code and carrier phase measurements on the Li frequency (i = 1, 2) can 97 be formulated as follows (Hoffmann et al., 2013) :
Where:
101
: Measured pseudo range on Li (m).
102
: Measured carrier phase on Li (m).
103
: True geometric range (m).
104
: Speed of light (m/s).
105
: Satellite clock error (s).
106
: Receiver clock error (s).
107
: Satellite orbital error (m).
108
: Tropospheric delay (m).
109
: Ionospheric delay on Li (m).
110
: Wavelength (m). : Initial phase of receiver oscillator.
113
: Initial phase of satellite oscillator.
114
: Multipath effect in measured pseudo range on Li (m).
115
: Multipath effect in measured carrier phase on Li (m).
116
: Measurement noise (m).
117
Denoting the stations by a and b and the satellites involved by j, k, the double difference model for multipath, but the phase-based suffers an unknown integer ambiguity offset and is subject to cycle 152 slips associated with rapid ionospheric scintillations. The resultant TEC is the GPS-derived slant
153
TEC along the signal path between satellite and receiver (Zus et al., 2017) . In this combination, the 154 satellite -receiver geometrical range and all frequency independent biases are removed. The 155 geometry-free linear combination for carrier phase observations is obtained:
Where: is the noise term in phase equation can be neglected for simplicity, the factor γ is 159 the factor to convert the ionospheric delay from L2 to L1frequency.
3 VTEC Estimation
162
The ionosphere may be considered as a thin single layer surrounding the earth at a fixed height from 163 the earth for which all free electrons in the ionosphere are assumed to be concentrated, in this single-164 layer having a maximum electron density (10 11 :10 12 e/m 2 around 300-500 km) (Feltens, 2003) . IPP is 165 the intersection point between the satellite receiver line-of-sight, and the ionosphere shell (Figure 2 ).
166
Slant total electron content (STEC) can be translated into VTEC using Single Layer Model (SLM). 
Where: E and A are elevation angle and Azimuth angle of satellite at the receiver, respectively.
181
The receiver position in Earth Centered Earth Fixed (ECEF) is converted to geodetic coordinates. according to elevation and azimuth angle of satellite as follows (Sedeek et al., 2017) :
Where : The offset between the IPP and the receiver; E' and E: the elevation angles of the satellite 188 at the IPP and receiver. 
GIM Evaluation
195
To evaluate the obtained ionospheric TEC values that are produced by IGS, the IONEX data file for 
Data Description
217
The data used for the evaluation study, refer to figure (3), were collected on April 15, 2015 at seven 6 and 10 during the test period. As is shown in figure (3 (Tawfeek et.al., 2018) . The core of this algorithm is mainly dependant on computing the TEC values 258 by using carrier phase and GPS phase ambiguity resolution model by using Sequential Least Square 
Modifying GIM-IONEX data
281
To modify the TEC data given in the IONEX file, the procedures described in the flow chart depicted 282 in figure (6) were applied. Table ( 
Results and Discussion
333
The processing of the RINEX data was conducted using Trimble Total Control 2.7. The data were 334 processed three times: the first run was performed by using the specified baselines data with normal 335 default processing parameters, i.e. without using GIM. The second run was carried out using 
Conclusions
380
The current paper evaluates the ionospheric correction by Global Ionospheric Maps, GIM, provided 
